Abstract. Eurocode 8 allows that any country can use its own shape of the elastic response spectrum after it defines it in the National
INTRODUCTION
Horizontal elastic response spectra, S e (T), described in Eurocode 8 [1] Article 3.2.2.2, represent the diagrams of the pseudo absolute acceleration for a series of natural periods of un-damped oscillations (of one degree of freedom systems), T, going from 0 to 4 sec, and with a viscous damping with a reference value of 5%. For the zero period, i.e. T = 0, spectral acceleration in the EC8 elastic spectrum is equal to the peak ground acceleration on the ground of the A type (i.e. on the rock), a g , multiplied with the value of the soil factor, S. Soil factor depends on the ground type and spectrum type (see Tables 3.2 and  3 .3 of Eurocode 8 [1] ), and spectral amplitude for T = 0 equals the product a g ·S. Shapes of the Eurocode 8 elastic spectra (see Figure 1 ) depend on the ground type (A, B, C, D, or E) and the magnitude of earthquakes "that contribute most to the seismic hazard defined for the purpose of probabilistic hazard assessment", and have been defined empirically through analysis of the real strong ground motion records that had been available from all over European continent (and middle East). There is also an option left that any country can use its own shape of the spectrum after it defines it in its own National Annex to Eurocode 8 ( [1] : see Note 1 in Article 3.2.2.1(4)). What is new and substantially different from the earlier versions of Eurocode 8 is that the version from November 2004 gives two different types of the elastic spectrum depending on the earthquake magnitude -Type 2 for the earthquakes "that contribute most to the seismic hazard defined for the purpose of probabilistic hazard assessment" with a surface wave magnitude, M S ≤ 5. 
.2.2(2)P).
At this juncture there are two issues that should be immediately discussed. First, the Eurocode 8 ground types ( [1] : see Table 3 .1) have been defined exclusively depending on the soil characteristics in the first 30 m of the stratigraphic profile. For example, type A (for which the scaling parameter, i.e. the peak acceleration, is defined) corresponds to the rock or similar geological formations (including at most 5 m of a weaker material at the surface) with the average shear wave velocity in the top 30 m (and at a shear strain level of 10 -5 or less) greater than 800m/s. However, empirical analyses [2] [3] have proven that the ground motion at a given location is also influenced by the depth of the geological sediments beneath the surface soil layer, i.e. by the so-called "deep geology" [2] , and thus these effects should be also taken into consideration in the process of defining the shape of the design spectrum, naturally in the case when it is possible considering the available geological data. Eurocode 8 ( [1] : see Note 1 in Article 3.2.2.1 (4) and Note 1 in Article 3.2.2.2(2)P) hence leaves the option that the countries who use this book of regulations may define different spectra (i.e. different than those that are already proposed) in the National Annex if the deep geology is to be taken into account, although it does not give any additional recommendations (except the short remark given in Article 3.1.1(4) [1] that, depending on the importance of the structure and on the particular conditions of the project, the ground investigations and/or geological studies should be performed to determine the seismic action).
The second issue to be discussed is related to something that is also important but what Eurocode 8 [1] does not even leave as a possibility of a free choice (to be defined for a country or a region) nor does it give any recommendations whatsoever and that is that for the definition of the spectral shape the distance between the earthquake source and the considered site is not taken into any account. This source-to-site distance how-ever, has the direct influence on both the amplitudes and the frequency content of the strong ground motion. Namely, attenuation of the wave amplitude with distance will depend on both the wave type (it will be different for different body waves, or different surface waves) and on the wave frequency, and in a general case ground motion time histories will be inherently different for different source-to-site distance ranges.
Further on, the separation into just two types of the spectrum depending on the surface wave magnitude is rather rough. Eurocode 8 [1] elastic spectra are the normalized spectra that are scaled by multiplication with a design ground acceleration for a ground type A, a g , and by doing so the fact that the enlargement of the earthquake magnitude for a value of 1 corresponds to 10 times larger seismic wave amplitude is perhaps taken into account in an indirect way. However, the problem is that beside the increase in the ground motion amplitudes, it is the ground motion frequency content (and thereby also the shape of the response spectrum) that also changes with the magnitude -larger events generate more long period energy and that usually leads to spectral shapes which have larger long period ordinates, and this cannot be (in a general case) taken into account by using only two normalized types of the response spectra that are later scaled by a chosen value of the maximum ground acceleration. Fig. 1 . Eurocode 8 elastic response spectra for 5 different ground types and 5% viscous damping: on the left are Type 1 spectra, to be used in the case of the earthquakes "that contribute most to the seismic hazard defined for the purpose of probabilistic hazard assessment" with M S > 5.5, and on the right are Type 2 spectra, to be used for M S ≤ 5.5
Beside the design spectra represented by simple mathematical functions, comprising just a few alternative general shapes and being scaled by the peak ground acceleration values alone, there are also the empirical predictive equations developed for some regions for scaling independently a whole series of different spectral amplitudes (refer e.g. to [4] [5] [6] [7] [8] [9] [10] [11] [12] ). By using such empirical equations each spectral amplitude (and thus simultaneously the complete spectral shape) can be directly scaled with respect to e.g. the distance from the considered site to the earthquake source, magnitude or some other measure of the size of an earthquake, local soil conditions, deep geology, and also (in some of the equations) some other parameters that had been shown to be relevant. In those regions where the available data are not sufficient to develop the "domestic" scaling equations it is common to use the equations developed for some other part of the world. However, the attenuation characteristics may differ very significantly from one region to another due to differences in geological characteristics and seismic source properties, and the indiscriminate use of "foreign" equations may lead to biased results.
Having in mind that the Eurocode 8 ( [1] : see Note 1 in Article 3.2.2.1(4) and Note 1 in Article 3.2.2.2(2)P) allows that the countries who use or are going to use this book of regulations may define (in their National Annexes) response spectra different than those that are already proposed, and that these new spectra are expected to be derived through the analysis of the strong motion data recorded in the considered seismo-tectonic region (if such data exist), in the following Chapters we will review several existing and a set of new empirical equations that have been developed by using the data recorded in Serbia and other parts of the north-western Balkans.
SEVERAL EXISTING AND A SET OF NEW REGIONAL EMPIRICAL EQUATIONS
For any strong earthquake ground motion scaling study it is essential to be based on carefully verified contents of the strong motion database and on the correct treatment of the local geological (deep geology) and local soil (shallow geology) site conditions. Both existing and new empirical scaling equations that will be presented in this Paper were developed on the basis of the accelerograms that were recorded in the region of former Yugoslavia and are comprised in the EQINFOS data bank [13] .
Equations developed by Manić
Manić [14] [15] developed an empirical equation for scaling values of the peak ground acceleration (abbreviated as PGA), by using 276 horizontal components of the records from the EQINFOS data bank [13] from 56 earthquakes in the period 1976 -1983, of magnitudes between 4.0 and 7.0, mostly of shallow focal depths (less than 25 km), and mostly at the source to the site distances not larger than 50-100 km. Approximately one third of the used accelerograms i.e. 92 of them were recorded on the rock, and the rest 184 on the stiff soil. Manić further developed equations [16] [17] for scaling horizontal and vertical components of the pseudo velocity spectra corresponding to 24 vibration periods ranging from 0.04 to 2.0 sec, by using 154 horizontal and 77 vertical components of the accelerograms from the same database and from 19 shallow earthquakes with the surface wave magnitudes, M S , between 4.0 and 6.9, and Richter's local magnitudes, M L , between 4.2 and 7.0, and at epicentral distances up to 150 km and fault distances up to 110 km. Manić [16] [17] also gave equations for periods between 2 and 5 sec, however due to small signal-to-noise ratio for periods larger than 2.0 sec for majority of the used EQINFOS accelerograms, the results of any regression analysis for the vibration periods larger than 2.0 sec could not be considered as reliable [18] [19] and these equations were disregarded. General form of the predictive equations is
where PSV(T), in [cm/sec], represents the ordinates of the 5% viscous damping pseudo velocity spectrum for the natural periods of undamped vibration, T, of single-degree-of-free-dom oscillators, M designates values of the surface wave magnitude, M S [16] [17] (Manić also gave the equations in which M is the Richter's [20] local magnitude, M L ), R represents the shortest distance from the recording station to the surface projection of the fault rupture (Manić also gave the equations for the PSV ordinates in which R represents the epicentral distance), R 0 is a constant to be determined with c 1 , c 2 , c 3 , and c 4 , so that the standard deviation is the smallest, while S is equal to 1 for the stiff soil and 0 for the rock sites (in compliance with the classification given by Ambraseys et al. [21] , the rock sites are characterized by an average shear wave velocity in the upper 30m of the geotechnical profile, V S > 750m/s, while for the stiff soil V S lies between 360m/s and 750m/s), and σ represents the standard deviation of log[PSV(T)], assuming the normal distribution of the data around the median estimates, so that P = 0 for the median and 1 for the median ± one standard deviation estimates. Table 1 gives the coefficients of the scaling equations by Manić [14] [15] [16] [17] that pertain to the equations in which M is the surface wave magnitude M S , R is the hypocentral distance for the PGA values, and R is the shortest distance from the recording station to the surface projection of the fault rupture for all other spectral amplitudes. [14] [15] [16] [17] for scaling the peak ground acceleration (PGA) values (expressed in [g]) and ordinates (for natural vibration periods, T) of the 5% viscous damping pseudo velocity spectra, for: a) ground motion in horizontal direction and b) ground motion in vertical direction Most contributing earthquakes for the records comprised in the EQINFOS data bank [13] occurred in four different regions located inside former Yugoslavia (see, e.g., Fig. 1 in [22] ): Friuli region, Banja Luka region, Montenegro, and Kopaonik. Having in mind that study on attenuation of seismic intensity in Albania and former Yugoslavia done by Trifunac and Todorovska [23] showed that there is no clear indication that strong motion attenuation would be much different in any of the four contributing regions, the empirical equations given by Manić [14] [15] [16] [17] can be therefore viewed as representing the average overall strong ground motion attenuation in the region of the north-western Balkans.
In his studies, Manić [14] [15] [16] [17] also investigated the influence of the use of different magnitude scales and source to site distance measures on the empirical equations. In the analysis of the PGA attenuation equation he showed that smaller standard deviations are obtained if for the parameter M the surface wave magnitude, M S , is used rather than the Richter's local magnitude (M L ), and if R represents the hypocentral distance rather than the epicentral distance. In the analyses of the PSV spectra, Manić [16] [17] showed (see Fig. 2 ) that standard deviations, σ, for all ordinates of the horizontal spectra and for the ordinates larger than ~0.8-1.0 sec of the vertical spectra, are noticeably smaller when the values of the shortest distance from the recording station to the surface projection of the fault rupture ("fault distance") are used rather than the values of the epicentral distance, and also in the case when the values of the surface wave magnitude, M S , are used instead of the values of the Richter's local magnitude, M S . Here it must be mentioned that Lee and Manić [18] i.e. Lee [6] have also developed empirical equations for scaling response spectra in former Yugoslavia (on the basis of the same EQINFOS data that Manić refined and updated, and used in his later investigations), by using the methodology previously developed by the SMG (Strong-Motion Earthquake Research Group) at the University of Southern California (refer e.g. to: [4] [5] , as well as to the later work of the SMG members related to scaling of the response spectra: [7] [8] [9] [10] [11] ). However, these equations were developed on the basis of the experience and the lessons derived from the studies of strong ground motion data in California, and include more sophisticated modeling of the strong ground motion attenuation with the distance from the earthquake source. Moreover, there were several studies (refer e.g. to: [18] [19] [24] [25] 30] ) that showed that amplitudes and frequency content of the strong ground motion change (with earthquake magnitude, source to site distance, etc.) in a different manner in the north-western Balkans and in the western parts of the USA. We have hence decided to present herein only the equations developed solely on the base of regional strong motion records and our own experience. Having in mind the scarcity and uneven distribution of the currently available strong motion data in the north-western Balkans (i.e. distribution with respect to the values of all relevant scaling parameters: earthquake magnitude, source to site distance, geological and local soil conditions), in this Paper we will focus more on the influence of different datasets on the obtained empirical estimates, while the influence of the source to the site distance on the spectral estimates will be modeled by a simple term expressed as: 1/r n , where n = c 3 , and r is the square root of the sum of squares of the hypocentral distance R and the constant R 0 . The constant R 0 is to be determined so that the standard deviation for the considered equation would be the smallest, and incorporates all factors that tend to limit ground motion near the source (refer e.g. to: [21] and [31] [32] ). We are though well aware that any strong motion estimate that is obtained from simplified prediction models must be used with caution, especially for the area within a few km off the main rupture, not only because of the great scarcity of the data recorded very near the sources of shallow and large magnitude events, but also because such motion is greatly affected by the complexity of the source mechanism and rupture propagation as all studies on past strong earthquakes reveal.
Fig. 2. Standard deviations, σ, that pertain to the empirical PSV spectra developed by
Manić [16] [17] for different measures of the earthquake magnitude and the sourceto-site distance for ground motion in horizontal (left plot) and vertical (right plot) direction
Other existing regional empirical equations
When scaling of response spectra in Serbia and the neighboring regions is considered, there are also two studies presented by Naumovski [33] and Stamatovska [34] , that tried to develop empirical prediction models for peak accelerations and PSV ordinates at some "average soil conditions". Those equations however, did not at all consider influence of the local soil conditions on the empirical strong motion estimates and all accelerograms were used as if recorded on some "average" soil conditions. Moreover, both Naumovski [33] and Stamatovska [34] derived their scaling coefficients by using the data that also included strong motion recordings from other seismic regions (Naumovski [33] e.g. used also the data from Italy and Greece, while Stamatovska [34] used also the data from Italy, Greece, and a few records from western USA, Mexico, and Romania (Vrancea records)). However, considerable regional differences in the use of magnitude and intensity scales, and physical differences in the seismo-tectonic regions where the used strong-motion data were recorded, produced additional unknown systematic biases (i.e. besides those from neglecting effects of the local soil) in spectral amplitudes predicted by scaling equations of Naumovski [33] and Stamatovska [34] . Figure 3 (taken from: [17] ) shows comparison of the standard deviations of the log[PSV(T)], obtained in investigations by Naumovski [33] , Stamatovska [34] , and Manić [16] [17] . As expected, results of Naumovski [33] and Stamatovska [34] have much larger standard deviations than the results of Manić [16] [17] , and consequently the first two equations should not be used for seismic action estimation in Serbia and elsewhere in the north-western Balkans. 
New regional empirical equations for scaling pseudo-acceleration spectra
Although the EQINFOS strong motion databank [13] comprises total sum of even 449 accelerograms (digitalized and processed) from more than 200 earthquakes that occurred in the period 1976-1983, Manić [14] [15] [16] [17] used only those records for which the necessary data on local soil conditions and the seismological data on contributing earthquakes were positively identified. Manić has later further refined and updated data on magnitude, focal depth and epicentral distance for the earthquakes of the EQINFOS strong motion records (please refer e.g. to: [25] [26] [27] [28] [29] ) and the new empirical equations for scaling response spectra that will presented herein have been developed on the basis of this refined strong motion database.
New empirical scaling equations have been developed on the basis of 203 acceleration time histories taken from the EQINFOS data bank [13] , registered solely inside the region of the north-western Balkans in the period 1976 -1983, from 108 earthquakes that had been first identified and cross-references with various regional seismological catalogues by Jordanovski et al. [13] while later for some earthquakes the data on magnitude (M), focal depth (h) and epicentral distance (E) were re-identified by Manić [25] [26] [27] [28] [29] . From the total sum of 203 data, 64 were from 3 ≤ M ≤ 4, 63 from 4 < M ≤ 5, 36 from 5 < M ≤ 6, and 40 data for 6 ≤ M ≤ 6.8, while most accelerograms were recorded at relatively small epicentral distances: even 148 at D < 30 km, and 166 (82%) at D < 50 km, while the rest ~8% of the data are recorded at 50 km < D < 200 km. Most considered earthquakes are of shallow depth: for 198 data (98%) focal depth is h ≤ 25 km, and for 154 data h ≤ 10 km.
As far as the local soil conditions are concerned, the local soil classification of the accelerograph sites in former Yugoslavia was made by Trifunac et al. [24] and updated and refined throughout the following years by Lee and Trifunac [18] , Lee and Manić [19] , and Manić [25] , in compliance with the classification proposed by Seed et al. [35] [36] -the "rock" sites were characterized by an average shear wave velocity, V S > 800m/s with the soil layer overlying rock less than 10m thick, the "stiff soil" sites with V S > 800m/s and the soil layer between 15m and 75m thick, and the "deep soil" sites with V S > 800m/s and more than 100m thick sol layer. Around 31% (61) of the used accelerograms were recorded at the rock sites and the rest 140 (or 69%) on the stiff soil [25] . Here it should be mentioned that according to Eurocode 8 ([1] : see Article 3.1.2 and Table 3 .1) ground type A corresponds to "rock or other rock-like geological formation, including at most 5 m of weaker material at the surface", with the average shear wave velocity for the top 30m, V S , greater than 800m/s, while the type B corresponds to "deposits of very dense sand, gravel, or very stiff clay, at least several tens of meters in thickness, characterized by a gradual increase of mechanical properties with depth", with V S for the upper 30m between 360m/s and 800m/s. In order to make some comparisons we will consider that "our" rock sites correspond to the EC 8 ground type A, while the stiff soil corresponds to the EC8 type B.
As for the deep geology classification, international team of 13 experienced geologists and earthquake engineers carefully interpreted description of the site deep geology for the recording stations in former Yugoslavia [24] , following the methodology proposed by Trifunac and Brady [2] , and the geological settings for 28 (~14%) data were classified as the "basement rock", for 86 (42%) data as the (geological) "sediments", and for 89 (44%) data, which correspond to the stations located in the complex geological settings, as the "intermediate sites" [25] .
General form of the predictive equations was the same as given by Eq. 1, with the only difference that the values of pseudo absolute acceleration spectra 1 , PSA(T), in [g], were 1 Having in mind that the pseudo absolute acceleration spectra, PSA, are used in the multimodal response spectrum structural analyses to calculate sectional forces and deformations and not the absolute acceleration spectra SA, we have developed equations for the PSA values. PSA ordinates, which are equal to the product SD×(2π/Tn) 2 , where SD is the spectral displacement (i.e. the maximum displacement of the oscillator with a natural vibration period, Tn) are for the one-degree-of-freedom systems proportional to the elastic force while the maximum absolute acceleration, SA (that is, the maximum sum of the ground acceleration and the relative estimated. In the new equations, M designates values of the magnitude as defined in the Report by Jordanovski et al. [13] (in this Report Trifunac chose the most appropriate magnitude values -for ~90% of the data it was the Richter's local magnitude, M L , being the most suitable for the so-called "strong motion", i.e. for the frequency content of the ground motion between, say, 0.1 and 30 Hz [37] , and for the rest ~10% of the data (the largest events) it was the surface wave magnitude, M S ), and R represents the epicentral distance. However, we have done also a parallel analysis that included effects of the deep geology in the empirical model and obtained much lower values of standard deviation. General form of this (i.e. the 2 nd ) prediction model is:
On the basis of the presented two models (described by Eq. 1 and Eq. 2), a series of multiple linear regression analyses was performed. Scaling coefficients, c i , of the new regional scaling equations, standard deviations, and R 2 statistics 2 , have been all calculated by using MATLAB® function "regress" (for more details on the background theory refer to: [38] [39] [40] [41] [42] , and the R 0 values were iteratively adjusted so that the root mean squared error of the analyzed prediction model was the smallest, i.e. that the R 2 statistic had the largest possible value. Tables 2 and 3 present respectively the obtained scaling coefficients for  the 1 st prediction model (local soil effects only) and the 2 nd one (both the local soil effects and deep geology effects). In order to save paper space, coefficients for the spectra in the vertical direction are given (in Tables 2 and 3) for the PGA values and only 24 vibration periods (instead for all 61 considered periods like for the horizontal spectra). All scaling coefficients, R 0 values, and standard deviations, σ, presented in Tables 2 and 3 , have been calculated for the PGA values and 61 spectral ordinates corresponding to periods between 0.04 sec and 2.0 sec. Due to small signal-to-noise ratio for the periods larger than 2.0 sec majority of the EQINFOS records had been filtered by using relatively large high-pass filter corner frequencies [18] [19] and thereby the results of regression analyses for the natural periods larger than 2.0 sec could not be considered as reliable.
We further wanted to see how the exclusion of the smaller magnitude data influences the resulting empirical ground motion predictions, and so decided to perform two another sets of regression analyses, by using: (1) 128 records from earthquakes with M ≥ 4.25, that is total sum of 128 vertical and 256 horizontal response spectra and PGA values -63% of the data from the original dataset used for the calculation of the coefficients given acceleration of a one-degree-of-freedom oscillator) is proportional to the sum of the elastic and damping force and thus PSA is always smaller than SA. However, the difference between the PSA and SA ordinates can be of some significance only for long-period systems with large damping, while in the case of undamped vibrations PSA is equal to SA and in that case PSA represent the exact maximum values of the absolute acceleration. 2 R 2 statistic represents the amount of response variability explained by the model, and is equal to one minus the ratio of the sum of squares of the calculated residuals to the sum of squares of the differences between each response observation and the mean observation. Close to zero or even negative values of R 2 indicate that the model is not appropriate for the data.
in Tables 2 and 3 , and (2) 156 records from earthquakes with M ≥ 3.75, that is total sum of 312 horizontal response spectra and PGA values (77% of the all considered data). Figure 4a , left side, shows scaling coefficients c 2 and c 3 , developed in this study by using the 1 st prediction model (Eq. 1), while Figure 4a , right side, shows the coefficients c 4 , c 5 and c 6 , obtained by using the 2 nd model (Eq. 2). Figure 4b shows the same, only for ground motion in vertical direction, while Figure 5 compares the empirical spectra scaled for different values of magnitude, source-to-site distance and local soil and deep geology conditions, to the corresponding Eurocode 8 spectra.
From Fig. 4a it can be seen that coefficient c 2 , which describes dependence of strong motion on the earthquake magnitude, is larger for larger vibration periods, steeply rising up to natural vibration periods of ~0.5 sec, causing the shapes of the empirical spectra (as shown in Figure 5a ) to continuously change with magnitude, slowly shifting their peaks towards the longer periods. This is in agreement with the well-known fact that the larger magnitude earthquakes generate more long period seismic energy than the earthquakes of smaller size. Furthermore, from Figs. 4a and 5a it can be seen that the coefficient c 3 , which describes strong motion dependence on the source to site distance, is also changing with vibration periods. In other words, attenuation of spectral ordinates with the distance diminishes with the vibration period, which proves the known fact that the high frequency (the low period) waves attenuate faster than the long-wave components because they have to make more cycles of motion for the same distance. By observing the slow variation of the values of the standard deviations with the vibration periods (bottom left plots in Fig.  4 ) it can be also concluded that the 84 percentile (i.e. median plus one standard deviation) empirical spectra are somewhat wider towards the longer periods than the median spectra that represent empirical predictions with 50% probability that they shall not be exceeded.
As it can be also seen from Fig. 4a (left side), excluding the smaller magnitude data from the original dataset will increase values of the coefficient c 2 and hence also increase in spectral amplitudes for all considered vibration periods (this enlargement is somewhat faster for periods larger than ~0.5 sec), what further confirms that stronger earthquakes generate more seismic energy at lower frequencies. However, trends for the coefficient c 3 show the opposite -if we exclude the smaller magnitudes data from the original dataset that will cause increase in the attenuation and thus all spectral ordinates will be smaller. Reason for this effect might perhaps lie in the enlarged amount of inelastic soil behavior (i.e. in the enlarged energy dissipation) in the case of stronger ground shaking. Logically, between these two opposite effects prevailing are the effects of the coefficient c 2 and the resulting spectral ordinates will be larger when smaller magnitude data are excluded from the analysis. In any case, the obvious correlation between the coefficients c 2 and c 3 is interesting and demands due attention in future strong motion analyses. Fig. 4a (bottom plot on the left and plots on the right side) and Fig. 5a (bottom plots) show that for the horizontal strong motion both the local soil and deep geology conditions have to be taken into account in empirical predictive equations or else the empirical PSA estimates might be significantly biased. Spectral amplitudes for the local soil type of "stiff soil" are more than twice larger than the values for the "rock sites" for the periods around 0.3 sec. On the other hand, the deep geology "sediments" and "intermediate sites" amplify PSA amplitudes the most (compared to the values for the "rocks") for the periods between 0.4 and 0.6 sec, and at the same time de-amplify spectral amplitudes for periods smaller than ~0.2-0.3 sec (for a more detailed analysis of the local soil and deep geology effects please refer to another Paper of the same authors: [43] ). Table 2 . Coefficients of the new empirical equations created by the 1 st prediction model (see Eq. 1) i.e. by considering only the local soil effects, for scaling the peak ground acceleration (PGA) values and ordinates (for natural vibration periods, T) of the 5% viscous damping pseudo absolute acceleration spectra, for: a) ground motion in the horizontal direction and b) ground motion in the vertical direction Table 3 . Coefficients of the new empirical equations created by the 2 nd prediction model (see Eq. 2) i.e. by considering both the local soil and deep geology effects, for scaling the peak ground acceleration (PGA) values and ordinates (for natural vibration periods, T) of the 5% viscous damping pseudo absolute acceleration spectra, for: a) ground motion in the horizontal direction and b) ground motion in the vertical direction Figs. 4b and 5b, describing empirical strong motion estimates in the vertical direction, show practically the same trends of the magnitude and source-to-site distance effects on the spectral ordinates as the ones observed for the horizontal direction (i.e. in Figs. 4a and  5a ). When it comes to the local soil and deep geology effects, although it is visible that both are less expressed than in the horizontal direction, these effects still cannot be always neglected -the deep geology effects can be noticed for a wider range of vibration periods, while the local soil effects are expressed for the periods smaller than ~0.3 sec. Fig. 4a . Scaling coefficients, c 2 and c 3 , derived by using the 1 st prediction model that account only for the local soil effects (related coefficients are given in Table 2 ), scaling coefficients, c 3 , c 4 and c 5 , derived by using the 2 nd prediction model that account for both the local soil and the deep geology effects (related coefficients are given in Table 3) , and standard deviations, σ, obtained by using the 1 st and the 2 nd prediction model for different sub-datasets, of the new regional empirical equations for scaling pseudo-absolute acceleration spectra, for ground motion in the HORIZONTAL direction Fig. 4b . Scaling coefficients, c 2 and c 3 , derived by using the 1 st prediction model that account only for the local soil effects (related coefficients are given in Table 2 ), scaling coefficients, c 3 , c 4 and c 5 , derived by using the 2 nd prediction model that account for both the local soil and the deep geology effects (related coefficients are given in Table 3) , and standard deviations, σ, obtained by using the 1 st and the 2 nd prediction model for different sub-datasets, of the new regional empirical equations for scaling pseudo-absolute acceleration spectra, for ground motion in the VERTICAL direction Fig. 5a . New empirical median estimates (50% probability that the predicted value shall not be exceeded) of the HORIZONTAL pseudo-absolute acceleration spectra for the rock sites (on the left) and for the stiff soil (on the right), scaled for different values of the source to site distance, R, and the same magnitude, M = 6 (top plots), then for different M and the same R = 50 km (medium plots), and again for different M and R = 50 km only now by showing the spectra that consider also the deep geology effects instead (bottom plots -the thinnest lines represent the deep geology "intermediate sites", the thickest lines represent the "sediments", and the third group of lines represent the deep geology "rock" [2] ), all of them compared to the corresponding Eurocode 8 [1] elastic response spectra Fig. 5b . New empirical median estimates (50% probability that the predicted value shall not be exceeded) of the VERTICAL pseudo-absolute acceleration spectra for the rock sites (on the left) and for the stiff soil (on the right), scaled for different values of the source to site distance, R, and the same magnitude, M = 6 (top plots), then for different M and the same R = 50 km (medium plots), and again for different M and R = 50 km only now by showing the spectra that consider also the deep geology effects instead (bottom plots -the thinnest lines represent the deep geology "intermediate sites", the thickest lines represent the "sediments", and the third group of lines represent the deep geology "rock" [2] ), all of them compared to the corresponding Eurocode 8 [1] elastic response spectra.
DISCUSSION AND CONCLUSIONS
Studies dealing with interpretation and use of strong ground motion accelerograms in California (for which there are now more than 2,000 significant strong ground motion accelerograms that have been recorded, digitized, processed and analyzed, after more than 70 years of the strong-motion recording programs in the western United States), suggests that at least 1000 to 1500 records, uniformly distributed over all scaling parameters, is the necessary starting condition for the development of the reliable region-specific scaling of the strong motion amplitudes. Strong ground motion data available today in Europe are unfortunately still relatively scarce and the majority of more than 2,000 strong motion records that are available in Europe and the Middle East and can be downloaded from the "Internet site for European strong-motion data" (ISESD) data bank [44] [45] are from small magnitude earthquakes of limited engineering significance. European predictive equations that are based on the largest databases are those of Ambraseys et al. [46] (who used 595 triaxial strong-motion records from Europe and the Middle East from 135 shallow crustal earthquakes with moment magnitudes M w ≥5 and distance to the surface projection of the fault less than 100 km) and of Akkar and Bommer [47] (who used 532 accelerograms recorded at distances of up to 100 km from 131 earthquakes with M w from 5 to 7.6), however their databases (which are almost identical) comprised records that came mostly from four rather different seismo-tectonic regions: Italy, Turkey, Greece, and Iceland, as well as from another 16 countries from all over Europe (including countries of the former Yugoslavia) and Middle East (including even one record from Uzbekistan). The largest database that was used for creation of empirical scaling equations for a single region is the database used by Bindi et al. [48] who developed scaling equations for Italy based on 241 three-component waveforms from 27 earthquakes with M w ranging from 4.8 to 6.9, recorded by 146 stations at distances up to 200 km. Bindi et al. [48] , who partially used and refined the dataset that was the basis of equations of Sabetta and Pugliese [31] [32] , showed that there are some differences between their predictions and those made by the equations of Ambraseys et al. [46] and Akkar and Bommer [47] , although there was an acceptable agreement for distances shorter than 100 km and moderate magnitudes.
In the case of Serbia and the north-western Balkans region in general, assuming that the current level of seismicity continues, at least additional two to even three decades of strong motion recording may be required [18, 30] to collect sufficient number of the data that are also distributed uniformly for sufficiently large intervals of all considered scaling parameters. Until then, the empirical equations of Manić [14] [15] [16] [17] and the ones that have been presented in this Paper (based on 203 acceleration time histories recorded solely inside the north-western Balkans region, from 108 earthquakes with 3 ≤ M ≤ 6.8, and at source-to-site distances up to 200 km) may still enable us to understand how the strong motion attenuation in this region may look, at least for certain ranges of the used scaling parameters. Having also in mind that this is the only region in Europe for which both the data on local soil conditions and on deep geology do exist, the presented equations that consider both the local soil and deep geology effects can be also viewed as a step towards some future much more reliable models for scaling design response spectra in Serbia and the whole region of the north-western Balkans.
When the seismic hazard for the territory of the Republic of Serbia is concerned, it is also important to mention that the attenuation of the waves coming from the intermediate-depth earthquakes inside the Vrancea's seismogenic zone (located inside the neighboring Romania) should be treated independently by applying a special attenuation equation (see e.g. equation for the PGA values derived by Musson [49] , or the prediction equations for a series of spectral ordinates derived by Sokolov et al. [50] ). Although it is reasonable to expect that the long-period waves from the Vrancea source will be able to influence (at least to a certain extent) structural behavior of many tall buildings in large cities like e.g. Belgrade or Novi Sad, this issue will however remain outside the scope of the discussions given in this Paper.
As for the Eurocode 8, suggestions for definition of design spectra given in its Articles 3.2.2.2 and 3.2.2.3 [1] imply that choice between the Type 1 and Type 2 spectral shape depends solely on the site conditions and on whether or not the surface wave magnitude, of the "most contributing earthquakes" is smaller or larger than 5.5. Comparison of the Eurocode 8 [1] elastic spectra to different empirical response spectra presented herein in Fig. 5 shows however: 1) that spectral shapes depend directly on both the earthquake size (magnitude) and the source-to-site distance, and that in a general case only two spectral shapes with respect to earthquake magnitude may not be sufficient to appropriately represent seismic action for a region or a site, 2) that the local soil classification proposed by Eurocode 8 [1] may not be delicate enough for all sites that fall in the same EC8 ground class, nor for all spectral periods, and that the data on geological settings (i.e. on the deep geology) for the considered site have to be taken into consideration for developing predictive equations or else the empirical ground motion estimates might be extremely biased, 3) that the vertical spectra also depend on the local soil conditions, at least for smaller periods, and also on the deep geology for all vibration periods, and that it would be much better if the values of the vertical design acceleration are defined directly by the empirical scaling equations instead by using the ratios of the vertical to horizontal peak acceleration that are recommended in Eurocode 8 [1] for different magnitude ranges.
Thus, it can be seen that the design spectra suggested by Eurocode 8 do not take into account some of the most important features of real strong ground motion, and hence may sometimes lead to either underestimation or overestimation of the design seismic action, i.e. either to un-conservative or to over-conservative seismic design.
When it comes to reliable evaluation of the seismic action in Serbia and surrounding countries, instead of using normalized spectral shapes one should rather use the empirical scaling equations developed specially for this region, and thus employ the direct scaling of a selected ground motion parameter in terms of the regionally gathered and processed strong ground motion data. It is however essential that recording, processing, and analysis of the strong motion data in the region are not only continued but also expanded and modified in order to provide more uniform distribution of the collected data with respect to the values of all relevant scaling parameters (magnitude, distance, local soil conditions and deep geology, etc.), and only by doing so the presented regional empirical equations can be eventually updated and refined, producing within years more reliable estimates of the seismic action for this region.
